






Fluid Flow For Chemical Engineering
[Aliran Bendalir Kejuruteraan Kimia]
Duration : 3 hours
[Masa : 3 jam]
Please check that this examination paper consists of SIX pages of printed material
and THREE pages of Appendix before you begin the examination.
[Sila pastikan bahawa keftas peperiksaan ini mengandungi ENAM muka surat yang
bercetak dan TIGA muka surat Lampiran sebelum anda memulakan peperiksaan
ini.l
Instructions: Answer SIX (6) questions. Answer ALL (3) questions from Section A.
Answer THREE (3) questions from Section B.
[Arahan: Jawab ENAM (6) soalan. Jawab SEMUA (3) soalan dari Bahagian A.
Jawab TIGA (3) soalan dari Bahagian B.l
You may answer the question either in Bahasa Malaysia or in English.




Section A : Answer ALL questions.
Bahagian A : Jawab SEMUA soalan.
1. [a] The dimension of the manometer can sometimes give a significant effect to the
pressure measurement. In Figure Q.1.[a] below, containers (a) and (b) are
cylindrical in shape and conditions are such thatpo: pt. Derive a formula for
the pressure difference po - p6 when the brine-oil interface on the right rises a
distance Ah < h, for d << D, Let the densities of brine and cookins oil be
p6,1n, kglm' and po;1 kg/m' respectively.
Dimensi suatu manometer kndang-kndang memberi kesan yang bererti kepada
pengukuran tekanan. Dalam Gambarajah S.l. [aJ di bawah, bekas-bekas (a)
dan (b) berbentuk silinder dan berkeadaan; po : po. Terbitkan formula bagi
perbezaan tekanan, po - pt, apabila antara fasa air garam-minyak masak pada
sebelah kanan meningkat pada jarak Ah < h, bagi d << D. Biarkan
ketumpatan air garam dan minyak masing-masing sebagai pair garam kg/m3 dan
' 





Consider a sphere moving through a viscous fluid completely submerged. The
resistance to motion R, depends upon the diameter D, the velocity v, the
density p and the dynamic viscosity p. Show that a function relating all the
variables is given by;
Ne : f(Re)
Pertimbangkan sebuah sfera yang tenggelam dan bergerak melalui cecair
likat. Rintangan terhadap pergerakan, R bergantung kepada diameter D,
halaju v, ketumpatan, p dan kelikatab dinamik, 1"t Tunjukkan bahowa fungsi
yang menghubungkan kesemua pembolehubah di atas diberiknn sebagai
Ne : f(Re)
where Ne and Re are the Newton and Reynolds numbers respectively.















[a] What is pump cavitation? What is its cause?
Apakah peronggaan pam? Apakah punca terjadinya peronggaan tersebut?
[3 marl<s/markahJ
Sketch the schematic diagram of (i) orifice meter, (ii) venturi meter and (iii)
pitot tube.
Lakarkan gambarajah skema untuk (i) meter orifis, (ii) meter venturi dan (iii)
tiub pitot.
[3 marlcs/marknhJ
show that from continuity equation, the fluid flow through the orifice meter(pressure drop is measured by U manometer) can be expressed as:
Bermula daripada persamaon keterusan, tunjukkan bahowa bendalir melalui




di mana, kadar aliran jisim
,A2 = croSS sectional area of orifice meter
luas permukaan meter orifis
CD : discharge coefficient
pekali luahan
p : fluid density
- 
ketumpatan bendalir
hu = pressure drop
kejatuhan tekanan
[9 marks/markahJ
[a] A storage cylindrical tank is 25 ft indiameter and 60 ft height. It contains an
equal volume of water and oil. The tank is full and open to atmosphere.
Calculate
Sebuah tangki silinder simpanan dengan diameter 25 knki dan tinggi 60 kaki
mengandungi isipadu air dan minyak yang sama. Tangki tersebut adalah
penuh dan terbukn kepada atmosfera. Kirakan:
til The specific weight of the oil.
Berat tentu minyak.
tiil The gauge pressure at the oil-water interface.
Tekanan tolok di antarafasa minyak-air.
tiii] The gauge pressure and pressure force at the bottom of the tank.
Tekanan tolok dan daya tekanan di dasar tangki.
Given : Specific gravity of oil = 0.89







Section B : Answer any THREE question
Bahagian B : Jawqb mana-mana TIGA soalan.
4. [a] Give 2 purposes of agitation of liquid and2 methods on preventing vortex.
Berikan 2 tujuan pengadukan cecair dan 2 kaedah untuk menghalang vorteks.
[4 marks/markahJ
tbl Sketch 3 types of mixing flows.
Lakorknn 3 ienis aliran bercamnur.
t6 marl<s/markahJ
[c] A flat-blade turbine with three blades is installed centrally in a vertical tank.
The tank is 2.4 m in diameter, the turbine is 0.35 m in diameter and is
positioned at 0.65 m from the bottom of the tank. The turbine blades are
70 mm wide. The tank is filled to a depth of 1.9 m with a solution of 50o/o
caustic soda at 65.6oC, which has a viscosity of 12 cP and a density of
1498 kg/m'. The turbine is operated at 45 rpm. Calculate the power required to
operate the mixer if:-
Sebuah turbin berbilah rata dengan 3 bilah dipasang ditengah-tengah sebuah
tangki tegak. Tangki ini berdiameter 2.4 m. Turbin berdiameter 0.35 m
berkedudukan 0.65 m dari dasar tangki. Lebar bilah turbin ialah 70 mm.
Tangki diisi dengan kedalaman 1.9 m larutan 50o% soda kaustik yang bersuhu
65.6"C, berkelikntan I2 cP dan berketumpatan 1498 kg/m3. Turbin beroperasi
pada 45 rpm. Kirakan kuasa yang diperlukan oleh pengacau untuk beroperasi
jikn.
lil The tank is baffled
tangki bersesekat
[5 marl<s/markahJ
tiil The tank is unbaffled.
Tangki tanpa sesekat
[5 marlcs/markahJ5. [a] Give 3 applications of fluidized beds.
Berikan 3 aplikasi lapisan terbendalir.
[3 marl<s/marknhJ
tb] For a particle of mass, m and density pr, moving through a fluid of density p7
under an action of gravitational force g show that the terminal velocity u1 of
the particle is given by;
Bagi suatu zarah dengan jisim, m dan berketumpatan, pp bergerak melalui
cecair yang berketumpatan py di bawah tindaknn daya graviti, g, tunjukkon
bahawa halaju terminal, vl bagi zarah tersebut diberi oleh;
p0 marks/markahJ




[c] Water is flowing at a velocity of 0.02 m/s in a pipe of 0.25 m in diameter. In
the pipe, there is an orifice with a hole diameter of 0.15 m. What is the
measured pressure drop across the orifice?
Air mengalir dengan kelajuan 0.02 m/s di dalam sebatang paip berdiameter
0.25 m. Di dalam paip ini terdapat sebuah meter orifis dengan diameter lubang




np = 3I(r- po)2C;.
pwater : t*tO'kg/ms
Fair : lxl0-' kg/ms
pwarer: 1000 kg/m3
pair : 1000 kg/m'
[7 marl<s/markahJ
[a] Using the steady flow energy equattn, in conjunction with the relation;
Dengan menggunakan persamaan kuasa aliran mantap yang berpandukan
kepada perkaitan,'
which applies to the isentropic changes in a perfect gas, show that the ratio of
the stagnation pressure to static pressure is related to the Mach number, Ma of
a gas flow by the equation;
yang digunaknn kepada pertukaran isentropik pada gas unggul, tunjukkan
bahawa nisbah tekanan genangan kepada teksnan statik dikoitknn kepada
nombor Mach, Ma bagi suatu aliran gas melalui persamaan;
[8 marl<s/markahJ
tbl A pitot-static tube inserted in a flow of argon gives a total prejsure reading of
158 kNim'absolute and a static pressure of 104 kN/m'absolute. The
temperature of the gas is 20 "C. Determine the speed of the gas flow, and the
error which could occur in this determination if the gas was assumed to be
incompressible with a density equal to that in the undisturbed stream.
Instrumental errors are to be ignored. For argon (Ar), R :208.2 J/kg.K, ratio
of specific heat, y: 1.68.
Suatu tiub statik-pitot yang dipasang kepada aliran 
^argon memberikanbacaan 158 kN/m' mutlak dan tekanan statik 104 kN/m' mutlak. Suhu gas
tersebut adalah 20 t. Tentukan halaju aliran gas dan rolat yang diperolehi
hasil daripada pengiraan tersebut jika gas itu dianggap sebagai
ketidakbolehmampatan dengan ketumpatan yang bersamoan dengan aliran
tidak terganggu. Ralat alatan boleh diabaikan. Bagi gas Argon (Ar), R :






L =lr'.(z-f\*",1hP L \2) J
IEKC 2t2]
Figure Q.7 shows a pump pumping a fluid at a rate of 0.2 ft'ls from an open tank
having a large cross-sectional area. The discharge flow goes to an open overhead
tank as shown in the figure. If the friction loss in the piping system are 20 ft.lbr/lb,
and the efficiency of the pump is70oh, calculate
Gambarajah S:7 menunjukkan sebuah pam yong mengepam suatu bendalir pada
kadar 0.2 kokit/s dari sebuah tangki terbuka dengan luas keratan rentas yang besar.
Aliran luahan ke sebuah tangki atas yang terbuka adalah seperti yang ditunjukkan
dalam gambarajah. Jika kehilangan geseron dalam sistem perpaipan ialah 20
kaki.lb/lb* dan kecekapan pam ialah 70o/o, kiraknn
What pressure must the pump develop
Tekanan yang perlu dijana oleh pam
What is the horse power of the pump.
Kuasa kuda oam
Density of the fluid: l.l5 g/cm3
Ketumpatan bendalir : I.l5 g/cm'
Given: Pipe A:3 in Schedule 40 steel pipe
Diberi: Paip A 
- 
Paip keluli 3 inci Jadual 40
Pipe B :2 in Schedule 80 steel pipe




















Gommon Engineering Conversion Factors
IEKC 2t2l
.eeasth VOlume
1ft= 12 in = 0.3048 m, 1 yard = 3 fi
1 mi= 5280 ft = 1609.344 m
1 nautical mile (nmi) = 6076 ft
1 ft3 = 0.028317 m3 = 7.4B1gat. 1 bbl = 42 U.S. gal
1 U.S. gal = 231in3 = 3.7853 L = 4qt = 0.833 lmp.gal.
1 L = 0.001 m3 = 0.035315 ft3 = 0.2642 U.S. gal
maCs DCrrsify
1 slug = 32.174lbm = 14.5n0 *n
1 lb, = 0.4536 kg = 7000 grains
1 slug/ft3 = 515.38 kg/m3 , 1 g/cm3 = 1000 kg/m3
1 lb,/ft3 = 16.0185 kg/m3 , 1 lbn/in3 = 27.6g glcms
Aeaeleration & Area Velocity
1 fUs2 = 0.3048 m/s2
1 ft2 = 0.092903 m2
1 fVs = 0.3048 m/s , 1 knot = 1 min/h = 1.6878 fUs
1 min/h = 1.4666666 fUs (fps) = 0.44704 mls
V,alume FLbw
'l slug/s = 14.594 kg/s. 1 lb,/s = 0.4536 kg/s
1 kg/m2s = 0.2046lb,r.,/ft2s
= 0.00636 slug/ft2s
1 gal/min = 0.00228 ft3/s = 0.06309 L/s
1 million gal/day = 1.5472 ft3/s = 0.04381 m3/s
eieisure
1 lbr/ft3 =47.88 Pa, l torr= 1 mm Hg
1 psi = 144 psf, 1 bar = 1Os Pa
1 atm = 2116.2 psf = 14696 psi = '101 ,325 Pa
= 29.9 in.Hg = 33.9 ft H2O
1l\= 4.449222N= 16 oz,1 dyne = 1 g cm/s2 = 1O-sN
1 kgr = 2.2046lbr = 9.6OUUU *
1 U.S. (short) ton = 2000 lbr , 1 N = 0.2248 tbr
1 N/m = 0.0685 lb/ft
Power Energy and,$pecifiG,Energy
t hp - 550 (ft lb)/s = 745.7 W
1 (ft lb)/s = 1.3558 W
1 Watt = 3.4123 Btu/h = 0.00134 hp
1 ft lb1 = 1.35582 J, t hp.h = 2544.5 Btu
1 Btu = 252 cal = 1055.056 J = 778.12 ft lb,
1 cal= 4.1855 J, 1 ft.lb/lbm = 2.9890 J/kg
,Heat:Flux ::r:
1 lbr/ft3 = 157.09 N/m3 1Wtm2 = 0.3171Btu/(h ft2)
1 slug/(ft s) = 47.88 kg/(m s) = 478.8 poise (p)
1 p=1 g/(cm s) 0.1 kg/(m s) = 0.002088 slug/(ft s)
1ft21h= 2.506 .10-5 mz,t,,1ft2ls = 0.092903 m2ls
1 stoke (st1 = 1 cm'ls = 0.0001 mtls = 0.001076 ft2ls
op 
=1915;oc+32 oc=(5/9)fp-gz) oR=oF+4sg.6g oK=oc +273.16
1 (ft lb)/(slug oR) = 016723 (N m) (kg K)
1 Btu/(lb oR) = 4186.8 J/(kg K)
1 call(s cm oC; = 242 Btu/(h ft oR)
1 Btu/(h ft oRl = 1.7307 W(m K)
o Note that the intervals in absolute (Kelvin) and oC are equal. Also, 1 oR = 1 oF.
LatentheatlJ/kg=4.2995x10{Btu/lbm=10.76lffuslug=0.3345|bf-fvtbm, lBtu/tb,=2325.gJtkg
Heat transfer coefficient 1 Btu/(h ft"F; = 5.6792W1m2 oC;.
Heat generation rate: 1 Wm3 = 0.09665 Btu/(h ft3)
Heat transfer per unit length: 1 Wm = 1.0403 Btul(h ft)
Mass transfer coefficient 1 m/s = 1 1.81 1 ftth, 1 tbmo/(h tt') = o.ot gs62 kgmol/(s m2)
...2/-
-2- IEKC 212)



































80 0.11940 0.09180 a.t26
40 0.10980 0.t47
40 0.11380 0.15440 0.13380 0.17940 0.14080 0.191
40 0.145
80 0.200








































































































































Power number Np versus Nx. for six-blade turbines. With the dashed portion of curve D, the










*- o.ro/ | '# -;.;4 
-'"#'
A 0.s8 0.s3 0"25 0,2 0,1 1,0I t1,33 0.93 0.25 0,125 0,1 1.0
c 0.s! 0.33 0.25 0,2 0.1 1.0
o 0.fr1 0.gg 0.45 0.ZS i:0
